Abstract
attitude of Spanish medical students towards LLD. The project is a sociological, interdisciplinary, multicentre and observational study. A sample of 9598 students is stratified by geographical area and academic year. The instrument is a validated questionnaire (PCID-DVH RIOS) it was self-administered and completed anonymously.
INTRODUCTION
Liver transplantation offers long survival periods and improved quality of life for patients with liver disease whose vital prognosis is short if they do not have a transplant. However, the current transplant organ donation rates are insufficient for covering minimum transplant needs [1] , and the shortage of available livers means that mortality on the waiting list is increasing [1] . Even in Spain in the 21st century, the country with the highest donation rates, mortality on the liver transplant waiting list has been increasing [1] . All of this is making it necessary to encourage alternatives to deceased liver donation. The transplantation of the right liver lobe from a living donor to an adult recipient has been successfully carried out and in countries such as Japan, the United States and some European countries it is becoming more common [2, 3] . Even so, in many countries living liver donation (LLD) is at a very low level [1] . One of the possible barriers to its development could be the risk involved for the donor and the fact that the results of the transplant are slightly worse than when the liver is transplanted from a deceased donor [4, 5] . However, in experienced centers the results are acceptable [6, 7] . Nevertheless, it should be taken into account that professionals in healthcare centers do not always have a favorable attitude toward LLD, and consequently they do not create the right kind of social climate for its implementation [8] [9] [10] . Therefore, healthcare professionals have a fundamentally important role to play in its development, given that they have the capacity to generate favorable or unfavorable attitudes in other groups of the population. In fact, in the public it has been seen that attitude toward organ donation which is based on the information provided by healthcare workers, whether positive or negative, is very solid [11] .
Students of medicine represent a new generation of physicians, although their attitude toward LLD has not been studied to any great extent [12] . It should be remembered, however, that the adequate training of future physicians in the transplantation and donation process involves specifically finding out those variables that have an effect on certain attitudes toward donation from the stage of being a student. In this sense, a knowledge of the factors that influence attitudes toward donation will allow us to optimize the resources invested in carrying out donation and transplantation promotion campaigns and to act in a more specific way.
The objective of this study was to analyze the attitude of medical students from Spanish universities toward related and unrelated LLD.
MATERIALS AND METHODS

Type of study
A sociological, interdisciplinary, multicenter and observational study carried out in Spain in the university academic year of 2010-2011.
Study population
The study population comprised of students studying a degree in medicine in Spain. The number of students enrolled in the academic year of 2010-2011 was estimated using data published by the Spanish National Institute of Statistics (INE) [13] . The number of students in other medical schools not included in the information of the INE was obtained over the telephone. As a result, the estimated number of medical students enrolled in the academic year of 2010-2011 was 34000. It should be noted that in Spain a degree in medicine lasts for 6 years. Once the degree has been completed and in order to start specialist training, the students have to take the public competitive (MIR) exam which involves a training period lasting between 3 and 5 years.
Sample size
The sample size calculated for a population of 34000 students was 9598 students, considering an estimated proportion (attitude in favor of donation) of 76%, a confidence of 99% and a precision of ± 1%. of administered questionnaires) was greater than 80% of the students present at the aforementioned compulsory student sessions. After a brief explanation of the study was provided by the study personnel about the structure and content of the questionnaire, and after specifying the confidentiality of the data gathered, a questionnaire was handed out to each student at one of the compulsory sessions. The questionnaire was self-administered, and completed voluntarily and anonymously by each student in a period of 5-10 min.
The final selection of the participating groups was carried out using non-probabilistic convenience sampling until the necessary number of questionnaires for each academic year was reached according to the proportionality factor. Given that the questionnaires were handed out in compulsory student sessions, an academic year was considered to be full when the number of questionnaires administered had a range of ± 5% of the number of questionnaires calculated to be necessary.
Instrument for measuring attitude
The instrument of measurement used was a validated questionnaire of attitude toward Organ Donation and Transplantation [8, 9] ["PcID -DVH 
Study variables
As a dependent variable we studied attitude toward related and unrelated LLD. The independent variables studied were classified into the following groups: (1) Socio-personal: age and sex; (2) University: Type of university, academic year of the degree in medicine and geographical location; (3) Knowledge of, and attitude toward, organ donation and transplantation: knowing a transplant patient, knowing a donor, believing that one might need a transplant in the future, attitude toward deceased organ donation, attitude toward living kidney donation and acceptance of a liver segment from a living donor if it was needed; (4) Social interaction: discussion with family and friends about donation and transplantation, the respondent's partner's opinion about the donation of a family member's organs; (5) Pro-social behavior:
East: including the Acs of catalonia, Aragon, Valencia and Murcia; and (4) The South: including the Acs of Andalucía, ceuta and Melilla, the canary Islands, and the Balearic Islands. In order to obtain the sample, an initial sampling stage was planned which was stratified proportionately to the number of students enrolled in each geographical region. In the North, 14% of the students were enrolled, corresponding to a sample of 1343; in the central area there were 25% corresponding to 2400; in the South there were 23.5% corresponding to 2256; and in the East there were 37.5% corresponding to 3,599 respondents.
Stratification by academic year:
In each geographical area stratified sampling was carried out according to each academic year. In order to do this, the proportion of students from each year in each geographical area was calculated and the corresponding sample was obtained. The percentage and number of students in each area in each academic year were as follows: In the North: 28% of the students (corresponding to 376 respondents) were enrolled in the first year; 15.5% (n = 208) were enrolled in the second year; 16% (n = 215) in the third year; 14% (n = 188) in the fourth; 12% (161) in the fifth and 14.5%( n = 195) in the sixth year; In the central Area: 23% of the student (n = 552) were enrolled in the first year; 25.5% (n = 540) in the second year; 12% (n = 288) in the third year; 13% (n = 312) in the fourth year; 11.5% (n = 276) in the fifth year; and 18% (n = 432) in the sixth year; In the South: 21% of the students (n=474) were enrolled in the first year; 20% (n = 451) in the second year; 13% (n = 293) in the third year; 15% (n = 338) in the fourth year; 15% (n = 338) in the fifth year; and 16% (n = 362) in the sixth year; In the East: 21% of the students (n = 756) were enrolled in the first year; 22% (n = 791) in the second; 18% (n = 648) in the third; 14% (n = 504) in the fourth; 11% (n = 396) in the fifth; and 14% (n = 504) in the sixth.
Data collection procedure
In each geographical area, a number of randomly selected medical schools were formally invited to participate in the study. contact was made with the Dean of the school at each university to obtain authorization to conduct the research. The questionnaires were administered to medical students by members or collaborators from the "International Donor collaborative Project" group in the selected medical schools that agreed to participate in the study.
With the aim of preventing selection bias, the questionnaire was applied to each academic year and in each selected school, at one or several compulsory sessions (lectures, seminars, or practical classes). A group was only considered as valid when the response rate (number of completed questionnaires/number carrying out pro-social type activities; (6) Religious: the respondent's religion and knowing the attitude of his or her religion toward donation and transplantation; and (7) Attitude toward the body: concern about possible mutilation of the body after donation.
Statistical analysis
The data were stored on a database and analyzed using the SPSS 21.0 statistical package (IBM Software Group, chicago, IL, United States). A descriptive statistical analysis was carried out and in order to compare the different variables Student's t-test and the χ 2 test were applied complemented by an analysis of the remainders. For determining and assessing multiple risks, logistic regression analysis was undertaken using the variables that were statistically significant in the bivariate analysis. In all cases, p values below 0.05 were considered to be statistically significant. The statistical review of the study was performed by a biomedical statistician.
RESULTS
Medical faculties included and the response rate obtained
The 22 randomly selected medical schools agreed to take part in the study. Of the 9688 selected students (the 9598 selected plus the 0.9% per type of sample) 9275 correctly completed the questionnaire (a response rate of 95.73%). In Table 1 , the sampling and completion data is given for each university and academic year.
In the North, the lowest completion rate was found (84.4%) because one of the universities (N1) did not provide any respondents in the end. In the central area the completion rate was 96.56%. In this area, the third year of medical school c5 and the second of medical school c6 were excluded from the analysis because the 80% response rate was not reached in the compulsory sessions when the questionnaire was handed out. In the South the completion rate was 96.41%, with the resulting exclusion of the fourth year of medical school S1, together with the first and fifth year of medical school S2 due to a response rate of less than 80%. In the East the completion rate was 98.97%.
Attitude toward living liver donation
89% (n = 8258) were in favor of related LLD, 1% (n = 78) against and 10% (n = 939) undecided. If the donation was unrelated, 32% (n = 2937) were in favor, 11% (n = 1001) were against and 57% (n = TN0  TNR  TR   N0  NR  N0  NR  N0  NR  N0  NR  N0  NR  N0  NR   N1  45  0  30  0  30  0  30  0  30  0  35  0  200  0  N2  96  91  96  91  N3  133  133  87  87  97  95  100  99  65  65  92  92  574  571  N4  100  100  89  88  84  84  58  58  73  73  72  71  476  474  NT  374  324  206  175  211  179  188  157  168  138  199  163  1346  1136  84.39%  C1  32  29  32  29  C2  107  107  116  116  61  61  73  73  62  52  77  77  496  486  C3  87  86  139  139  94  94  172  171  58  58  124  124  674  672  C4  95  93  128  128  53  53  42  42  62  62  123  123  503 5337) were undecided. Of the students who were in favor of this type of donation, 42% (n = 3506) believed that LLD involved a considerable amount of risk, 30% (n = 2484) quite a lot of risk, 10% (n = 817) hardly any, 9% (n = 799) had not considered this matter and 8% (n = 652) believed it to be a highly risky kind of donation.
Factors affecting attitude toward LLD
Socio-personal variables:
Regarding age, significant differences have been found in favorable attitudes toward LLD. In the related type of donation, the younger respondents had a more favorable attitude (p = 0.008), while in unrelated donation it was the older students who were more in favor (p < 0.001) ( Table  2) . With regard to sex, this factor has only been found to be associated with attitude toward related LLD, with females having a more favorable attitude toward related LLD than males (91% vs 86%, p < 0.001) ( Table 2 ).
University variables:
The respondent's academic year was an influential factor on attitude toward LLD, with the latter years being the ones when a more favorable attitude has been observed. When considering related donation, for instance, attitude was more favorable among students in the fifth and sixth year compared to those in the first year (92% vs 87%, p < 0.001). The same was also true for unrelated donation; the fifth and sixth years had the students with the most favorable attitude compared to those in the first year (40% and 37% vs 25%, p < 0.001) ( Table 2 ). Finally, with regard to geographical location, significant differences have only been found in attitudes toward related LLD with the students from the central area and the South having a better attitude compared to those from the North and East (90% vs 88%, p = 0.013) ( Table 2 ).
Variables of knowledge about, and attitude toward, organ donation and transplantation:
Among the factors associated with a favorable attitude toward related LLD, we have found that a respondent's belief that he or she might need a transplant in the future tended to encourage a favorable attitude as opposed to when he or she had not considered this possibility (90% vs 81%, p < 0.001) ( Table 3 ). In addition, the acceptance of other types of donation, such as deceased (92% vs 79%, p < 0.001) or living kidney donation (96% vs 75%) (p < 0.001), was also associated with a more favorable attitude compared to when these other types of donation were rejected. Finally, it should be noted that the willingness to accept a liver segment from a family member also tended to be associated with a favorable attitude toward LLD compared to when there were doubts about this option or there was an unwillingness to accept it (96% vs 80%, p < 0.001) ( Table 3) .
With regard to attitudes toward unrelated LLD, significant relationships have been found with all the variables analyzed in this section. We can see that those who had had previous links with donation and transplantation, that is, people who knew a transplant patient (36% vs 30%, p < 0.001), or donor (37% vs 31%, p < 0.001) (Table 3) , had a more favorable attitude compared to those respondents who did not have this personal experience. Table  4 , all of these variables were associated with attitude toward LLD. Accordingly, the students who had discussed the subject of donation and transplantation, both with their families and friends, had a more favorable attitude toward related and unrelated LLD. It has also been found that the favorable attitude of a respondent's partner toward donation and transplantation had a favorable influence (Table 4) .
Variables of social interaction: As shown in
Variables of pro-social behavior:
Among the students surveyed, a more favorable attitude has been observed toward both related and unrelated LLD among those who carry out altruistic type activities or who would be prepared to take part in them (Table 4) .
Religious variables:
In the present study no significant relationships were found between attitude toward LLD and the religious variables analyzed (Table 5) . However, it is notable that believers who considered that their doctrine was in favor of donation and transplantation were more in favor of unrelated donation than those who believed their religion was against (35% vs 27%) (p < 0.001).
Variable of attitude toward the body: Finally, it has been seen that not being concerned about the possible mutilation of the organism after donation tended to be associated with a favorable attitude toward LLD unlike in the case of those who were concerned about this aspect (p < 0.001) ( Table 5) .
A multivariate analysis of the factors affecting attitude toward related LLD
The multivariate analysis has shown that the following independent factors affected attitude toward related LLD (Table 6) 
A multivariate analysis of the factors affecting attitude toward unrelated LLD
The multivariate analysis has shown the following independent factors to affect attitude toward unrelated LLD (Table 7) 
DISCUSSION
Knowing about people's attitude toward organ donation allows us to determine which factors affect this attitude and to be able to create adequately designed and cost-effective campaigns. The application of questionnaires is one of the most widely-used data collection techniques in social research, given that (1) it has a low cost; (2) it makes it possible to reach a larger number of participants; and (3) it facilitates the analysis of the results obtained [14] . However, questionnaires also have their limitations, such as the loss of verbal communication. Furthermore, it is fundamentally important for the questionnaire to be designed so that it can quantify and universalize this information, and thus standardize the interview process. Therefore, a questionnaire should be subjected to a creation and validation process to confirm to what degree it reflects the situation that we are trying to measure. This basic premise has not been fulfilled in research into attitude toward donation, given that most of the studies carried out and published use measurement tools that have not been designed for such a purpose and have not been validated. Finally, we should remember that the interpretation of the results should involve the recognition of certain limitations that arise in opinion questionnaires. The first of these is the result of the tendency of all the participants to respond according to what is considered to be "socially desirable" in the surroundings where they live. The second is caused by the distance between the responses and the responent's actual behavior if the situation under consideration were to occur in real life [15] . One of the main efforts of this sociological study was to achieve a representative sample of medical students in the whole of Spain. In addition, the response rate in any attitude study is an indicator of the quality of the data and it is desirable for it to be above 75% in order to prevent a positive bias given that those who tend to respond are those who are more interested in the topic [16] . LLD has been very controversial, although after a steep learning curve, there have been improved outcomes for both donors and recipients in specialist centers making this an acceptable therapeutic option [6, 17, 18] . This type of living donation has therefore become especially necessary because of the shortage of livers available for transplantation and the mortality on the transplant waiting list [1] . Until now LLD has not been developed to a great extent in Spain, where LLD rates are lower than 0.1 per million population [1] .
With the objective of boosting LLD, it has become necessary to improve the social image of this donation [19] . In order to achieve this, it has become essential to find out the attitude of the population about the issue, because it is not free of fear and mistrust [19, 20] . Furthermore, healthcare professionals should get involved in the matter, given that although they might not be directly involved in the donation and transplantation process, they are groups that generate opinions and therefore they influence the decisions of potential donors [8, 9] . This study has shown that medical students, who will be physicians in a few years, have a clearly favorable attitude toward related LLD. This fact is very important, because it should be taken into account that for its development it is essential for healthcare professionals to encourage living donation. However, other factors should be analyzed given that donation rates are not increasing in spite of this positive attitude [1] . Attitude was favorable in 89% of the respondents, a percentage that is higher than the rate reported in the Spanish general public [19] and in other European countries [21] , where about 75% are in favor. In all of these cases it is related donation that is under consideration, that is, when there is some kind of connection between the donor and recipient. This is the reason why it has such a high acceptance level in every stratum, both in the population [12] and healthcare workers [8] . A lot of sensitivity toward unrelated living donation has also been found, with rates of more than 30% in favor. This differs from the data found in English speaking societies where there is a lower acceptance rate [21] . Attitudes toward LLD have not been studied very extensively and there have only been a few isolated studies on medical students. Among these the most notable is the one by Dahlke et al [12] which analyzed the attitude of students in the United States, Germany and Japan, and although the sample was small, it suggests that acceptance is mainly influenced by cultural factors. For example, they state that acceptance is greater in the United States compared to Germany and Japan, with a greater willingness for infant donation than adult donation, and therefore they suggest that socio-demographic differences should be taken into account to establish protocols of clinical practice in living donation. Although this is very important, this aspect is well-known in attitude studies, given that there are many cultural differences between the different continents. We should point out that there have not been any studies about this issue covering a whole country, or a specific geographical area, or even the whole degree in medicine. Instead of this, researchers have focused on a specific group of a specific university. Therefore, until today the only generalizable conclusions about the attitude of medical students toward LLD, in this case in Spain, are the ones presented in this study. The student's academic year has an effect on attitude toward LLD. As the student advances through the years there is a gradual progress in technical knowledge of the issue which allows students, mainly in the second half of their degree, to establish contact with the healthcare system and certain clinical services related to transplantation making it possible for students to develop a personal view of the subject [22, 23] . In this way, it has been seen that students in the fifth and sixth years have a more favorable attitude than those in the earlier years.
Regardless of academic training and university progression, a close relationship has been observed between attitude toward LLD, and attitude toward the other kinds of human organ donation, both deceased and living kidney donation. This coincides with findings in the Spanish speaking population, where there is a clear association between attitude toward deceased and living donation [24] . Organ donation is an altruistic aspect of life, and if one is able to accept one type of donation then other kinds are also generally acceptable. Furthermore, as reported in deceased organ donation, feelings of reciprocity also have an influence [14] , that is, doing to others what we would like to be done to ourselves. Thus, the principal related factors that have been found have this component of reciprocity, such as the belief that one might need a transplant in the future and if this were the case, a respondent's willingness to receive an organ from a living donor.
The variables of social interaction have a very clear association with attitude toward the donation of one's own organs [25] [26] [27] [28] . The way each respondent perceives opinions in his or her surroundings has a great influence on his or her ultimate decision on whether to donate or not. For instance, being in a family and social context in which there is a favorable attitude multiplies the chances of the student having a favorable attitude. In current times, when it is uncommon to live independently of the family during the university period, and when students tend to continue to depend on the family for financial support, this fact is becoming more evident.
Family factors should also be noted [29] , in the sense that the respondent's partner's attitude toward donation has an important influence on the respondent's attitude. This is a factor that has been typically reported in attitude toward deceased donation [14, 30] , and it has been seen that when one's partner is against donation there is a significant increase in the percentage of respondents with doubts or who are against this kind of donation and vice versa. This aspect continues to reinforce the theory that we should keep talking about donation and transplantation, and underlines the importance of expressing favorable attitudes toward donation, because this simple act will have a promotional effect on donation which is generally greater than any organized campaign.
Finally, there is the fear of possible mutilation as a consequence of living donation. Healthcare professionals are just as sensitive as the general public with regard to feelings that arise due to the manipulation of the body, and it has been seen that they have greater difficulty in allowing action to be carried out on it even when there are well-accepted objectives such as in transplantation [19] . We have the basic pillars in place such as future professionals with a relatively high favorable attitude (when deceased donation was first encouraged in Spain, attitude toward this kind of donation was less favorable than current attitude toward LLD), and we also have a receptive population. If institutional and political support can be achieved, as occurred in deceased donation, it is hoped that in the coming years we could relaunch this kind of donation, so we could reach a point where we are able to prevent mortality on the waiting list.
However, we should be cautious about its development and restrict it to experienced centers to prevent unnecessary morbidity among donors [1] .
Therefore, given that current mortality on the liver transplant waiting list in Spain ranges between 8%-10%, our objective should be to arrive at this percentage, and no more. If this is not achieved, we are going to create a healthy young population subjected to liver surgery with frequent morbidity and occasional mortality [31] . Moreover, we should remember that among all the potential liver donors for each recipient a series of invasive procedures need to be performed such as biopsy, arteriography, etc. that produce morbidity in people who do not even become donors [6] . On the other hand, it is well-known that there is an improvement in the bond between the donor and recipient and their self-esteem as a result of this kind of transplant, especially when it is donation from a parent to a child [32] , while parents who have refused to donate to their children report consequent stress, anxiety, psychosomatic syndromes and feelings of guilt [32] . To conclude, the attitude of medical student toward related and unrelated LLD is very favorable, and is associated with factors directly and indirectly related to donation and transplantation, family and religious factors, and factors related to attitude toward the body.
COMMENTS
Background
Liver transplantation offers long survival periods and improved quality of life. However, the current transplant organ donation rates are insufficient for covering minimum transplant needs. Even though living liver donation (LLD) has been successfully carried out in many countries it is at a very low level. One of the possible barriers to its development could be the risk involved for the donor. However, in experienced centers the results are acceptable. Nevertheless, it should be taken into account that professionals in healthcare centers do not always have a favorable attitude toward LLD. Students of medicine represent a new generation of physicians, although their attitude toward LLD has not been studied to any great extent. It should be remembered, however, that the adequate training of future physicians in the transplantation and donation process involves specifically finding out those variables that have an effect on certain attitudes toward donation from the stage of being a student. In this sense, a knowledge of the factors that influence attitudes toward donation will allow us to optimize the resources invested in carrying out donation and transplantation promotion campaigns and to act in a more specific way.
Research frontiers
Attitudes toward LLD have not been studied very extensively and there have only been a few isolated studies on medical students. Among these the most notable is the one by Dahlke et al analyzing the attitude of students in the United States, Germany and Japan, and although the sample is small, it suggests that acceptance is mainly influenced by cultural factors. For example, they state that acceptance is greater in the United States compared to Germany and Japan, with a greater willingness for infant donation than adult donation, and therefore they suggest that socio-demographic differences should be taken into account to establish protocols of clinical practice in living donation. Although this is very important, this aspect is well-known in attitude studies, given that there are many cultural differences between the different continents. We should point out that there have not been any studies about this issue covering a whole country, or a specific geographical area, or even the whole degree in medicine. Instead of this, researchers have focused on a specific group of a specific university. Therefore, until today the only generalizable conclusions about the attitude of medical students toward LLD, in this case in Spain, are the ones presented in this study.
Innovations and breakthroughs
In studies of attitude toward organ donation, there are few stratified studies that have stratified the study population so that generalizations can be made from the results obtained. The study presented in this article represents the first stratified and validated study carried out on medical students covering a whole country, in this case Spain. Attitude was favorable in 89% of the respondents, a percentage that is higher than the rate reported in the Spanish general public and in other European countries, where about 75% are in favor. In all of these cases it is related donation that is under consideration, that is, when there is some kind of connection between the donor and recipient. Attitudes toward LLD have not been studied very extensively in medical students. Dahlke et al analyzed the attitude of students in the United States, Germany and Japan, and although the sample was small, it suggests that acceptance is mainly influenced by cultural factors.
Applications
The authors have the basic pillars in place such as future professionals with a relatively high favorable attitude (when deceased donation was first encouraged in Spain, attitude toward this kind of donation was less favorable than current attitude toward LLD), and the authors also have a receptive population. If institutional and political support can be achieved, as occurred in deceased donation, it is hoped that in the coming years this kind of donation could be relaunched, so that they could reach a point where they are able to prevent mortality on the waiting list. However, they should be cautious about its development and restrict it to experienced centers to prevent unnecessary morbidity among donors. Therefore, given that current mortality on the liver transplant waiting list in Spain ranges between 8%-10%, our objective should be to arrive at this percentage, and no more. If this is not achieved, the authors are going to create a healthy young population subjected to liver surgery with frequent morbidity and occasional mortality. Moreover, the authors should remember that among all the potential liver donors for each recipient a series of invasive procedures need to be performed such as biopsy, arteriography, etc. that produce morbidity in people who do not even become donors. On the other hand, it is well-known that there is an improvement in the bond between the donor and recipient and their self-esteem as a result of this kind of transplant, especially when it is donation from a parent to a child, while parents who have refused to donate to their children report consequent stress, anxiety, psychosomatic syndromes and feelings of guilt.
Terminology
Liver transplantation offers long survival periods and improved quality of life for patients with liver disease whose vital prognosis is short if they do not have a transplant. However, the current transplant organ donation rates are insufficient for covering minimum transplant needs, and the shortage in available livers means that mortality on the waiting list is increasing. Even in Spain in the 21 st century, the country with the highest donation rates, mortality on the liver transplant waiting list has been increasing. All of this is making it necessary to encourage alternatives to deceased liver donation. The living liver transplantation has been successfully carried out and in some countries it is becoming more common.
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